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Abstract: The application of active feedback using source follower provides wide bandwidth. However, the source follower
introduces non-linearity within the passband. This study proposes a way to mitigate this problem through the use of a resonant tank
connected along the feedback path, which exploit the blocking capacity of the capacitor to linearize the source follower. Also, we
adopted the inductive peaking technique for bandwidth enhancement, noise performance improvement and circuit stability. With the
combination of these techniques, an improved linearity for the active feedback low noise amplifier for wideband receivers was achieved
while improving the noise performance. Simulated result of the low noise amplifier showed a power gain of 13.13dB and a 3dB
bandwidth of 16.88MHz. It achieved an input return loss < -10dB, reverse isolation better than -23.4dB, output return loss < -14dB.
Output total RMS noise achieved is 9.1V while dissipating and average of 67.512mW from a 9V supply. The simulated result for both
input and output return losses are < -10dB, this implies good impedance matching at both input and output of the LNA. This work
shows it is possible to linearize an active feedback LNA by adding a resonant tank along the feedback path.
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1.0 INTRODUCTION

The first block in the receiver architecture is the low noise amplifier with high gain and good input impedance matching. In the
last few decades, several wireless standards have been implemented while the frequency spectrum is becoming less and less due to
congestion (Huang, Yang, Chen, Khan, & Lin, 2018), this has drawn much attention to research on software defined radio (SDR) in the
past few decades. The first software defined radio was proposed by Mitola (Mitola, 1995), this was not achieved due to the difficult
requirement on analog to digital converters (Arshad, Zafar, Ramzan, & Wahab, 2013). The wideband has many applications such as
UHF TV; cellular phones; radar; microwave links; personal communications services (Vaithianathan, Raja & Srivivasan, 2012).
Meanwhile, signals processed over the wideband are not immune to signal attenuation and noise. Hence, the receiver front-end must be
an amplifier with high gain and low noise characteristics, precisely the low noise amplifier (LNA). Wideband receivers normally require
sufficient linearity over the desired band to protect out-of-band interferes from generating intermodulation product and other noises.

The design of wideband LNA is a challenging process in several aspects, this includes; having a low noise figure (NF), supplying
proper input and output matching, power consumption and maintaining high linearity (Arshad et al., 2013). Also, LNA design is
challenging due to the short-channel effects in metal oxide semiconductor (MOS) devices, reducing supply voltages and Low-Q of the
on-chip passives that degrade the RF circuit parameters (Razavi, 2015). Several techniques have been reported to meet this stringent
requirement for LNA design. Common gate (CG) LNA has been investigated widely, because it has inherent good wideband matching,
linearity, and stability. However, the noise figure (NF) of a CG-LNA is relatively high due to the input matching condition gm=1/RS,
the gain is also low due to limited g,, (Ma, Wang, Xu, & Amin, 2016). Noise-canceling LNA is a good option for the wideband
impedance matching with a low NF. This LNA cancels its thermal noise and nonlinear harmonic distortion induced by the first stage
transistors using a negative feedback (Bruccoleri, Klumperink & Nauta, 2004). However, it is hard to eliminate the distortion generated
from an auxiliary amplifier which is the main nonlinear element (Chung & Lee, 2015). Distributed amplification was used for bandwidth
extension was adopted (Lin, Chang, & Lu, 2011), however such distributed amplification consumes much energy leading to high power
dissipation (Sahafi, Sobhi, and Koozehkanani, 2016)

The active-feedback topology can alleviate the common tie between gain and noise figure (NF) with good input matching.
However, it has been proved (Borremans, Wambacq, Soens, Rolain, & Kuijk, 2008) that the feedback is nonlinear and causes a large
fraction of distortion because of the feedback transistor’s nonlinearity, this result in poor linearity. Thus, making the active-feedback
LNA not suitable for wideband receivers.

Within the last decade, several methods have been presented to meet the linearity requirement of wideband LNAs. Some of the
linearization techniques reported in open literature includes; derivative superposition (DS) (Guo, Chen, Li, Jin, & Yang, 2017). This
technique improved the linearity (11P3 of 8.3—10 dBm) with severe bandwidth reduction. Complementary derivative superposition was
proposed (CDS) (Guo & Chen, 2017), while this improved the bandwidth, there was deterioration in power consumption.
Noise/distortion cancellation were used by (Ebrahimi, Bastan, Ebrahimi, & Shamsi, 2014; Hayati, Cheraghaliei, & Zarghami, 2017;
Seyedi, Dehdasht-heydari, & Roshani, 2019), this technique only provided slight improvement in I11P3 while dissipating unacceptable
power. Pre-distortion (Jafarnejad, Jannesari, & Sobhi, 2017b) and post-distortion (Amirabadi, Zokaei, Bagheri, & Alirezazadeh, 2015;
Guo, Wen, & An, 2014). A highly linear complementary source follower (CSF) feedback CMOS wideband LNA was proposed (Im,
2013) and implemented as a part of a highly linear receiver front-end. This topology achieved high linearity with high power dissipation
and limited passband. Huang, Yang, Chen, Imran and Lin., (2018) proposed a complementary source follower to mitigate the problem
of active feedback nonlinearity and power consumption. The work presented a good result while dissipating moderate power. These
methods have been used as tradeoff between gain, linearity and power consumption.
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In this study, a linear low noise amplifier is designed using the active negative feedback technique for bandwidth enhancement,
gain stabilization and input matching. A resonant tank is used to improve the linearity of the common source follower. Furthermore, an
inductive peaking technique was used for bandwidth enhancement, noise improvement and circuit stability.

2.0 LNA DESIGN CHALLENGES

Design of a wideband low noise amplifier is a very challenging process in aspects, this includes; having a low noise figure (NF),
supplying proper input and output matching, power consumption and maintaining high linearity (Arshad et al., 2013). It is also essential
that the design attain reasonable gain and stability without oscillation over entire useful frequency range (Singh & Katare, 2017).
Achieving a wideband can also be very challenging. Over the years, several techniques have been proposed for bandwidth enhancement
such as series peaking, shunt peaking, shunt-series, T-coil and fT-doublers using Darlington pairs (Vaithianathan et al, 2012). LNA
design should meet several challenges like good transistor selection, high gain, suitable DC biasing network and good stability. The
design trade-off is summarized in figure below.

Noise -s— Power

SN

Linearity Frequency
Supply
Voltage“ Gain

LNA design matrix
Design specifications for a state-of- the-art wideband LNAs include:
i Minimum signal reflection by achieving good (50 Q) input matching (S11 < —10dB) for all frequencies (Sapone &
Palmisano, 2011).
ii. NF < 3.5dB over the entire bandwidth (Roovers et al., 2005)
iii. Higher linearity (ITP3 > 0dBm) (Brandolini, Rossi, Manstretta & Svelto., 2005)

iv. Minimal signal reflection by achieving good output matching (S22 < -10dB) for all frequencies (Yusof, Fauzi, Mohamed,
Faiz, & Omar, 2020)

V. Flat gain across the entire bandwidth (Bevilacqua & Niknejad, 2004)

vi. High IIP2 > 40dBm in case of Zero IF architecture (Abidi, 2003).

vii. Unconditional stability over entire frequency range.

These requirements must be fulfilled without any compromise on silicon area and power consumption. In wideband LNAsS, the need
of a large bandwidth imposes significant challenges compared to narrow band or multiband LNA (Arshad et al., 2013).

3.0 CIRCUIT DESIGN

The proposed low noise amplifier schematic is shown in fig. 4. It is designed with a common source cascode structure (M1 and
M2) to increase the output impedance and also reduce the miller effect impact on the input stage, with an active feedback (M3) in a
common drain configuration. Bandwidth enhancement with inductive shunt-peaking is adopted by connecting an inductor in series with
a resistive load. Figures land 2 shows the common source stage and the hybrid-pi model, analysis of the small-signal voltage gain of
the common source is given thereafter.
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Fig. 1. Common source Amplifier.
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Fig. 2. Complete hybrid-pi model of the common source amplifier.

3.1 Circuit Analysis

Analysis of the circuit topology used in this design is given below
3.1.1 Gain of the Amplifier
From figure 2 above,

At node X, applying KVL

V=V

xR_Sm + V;cscgs :(Vout - V;c)scgd (1)
Rearranging equation (1)

Ve=Vin —

xR—S & V;cscgs+ Vour = Vx)scgd =0 (2)
At node Y, applying KVL,

Vou -
(Vout T V;c)scgd + gmcs‘/;c + ;_dt + VoutSCdb =0 (3)

Simplifying equation (3) for V,,

V,
ImesVee — SVngd + SVouthd + ;_Zt + sVoutCap = 0

1
_Vout(R_d + Sng + SCdb)

Vy = (4)
Imes — Sng

R

From equation (2),

Vx Vin

R_S — R_s +SVngS - SVngd - SVouthd =0
1 Vin
Vi (R_s +5Cgs + SCyd) ~ SVourlga = 77 =0 ©)

Substitute equation (4) into (5) for V4,

1
—Vout (R_d + Sng + SCdb) Vin

— =0

Imes — Sng (R_S + SCQS + Sng) - SVouthd

1 1
(R +5Cyq + stb) ( + sCys + ngd) - sVouthd(gmcs — Sng) Vi

-V, = 6
out Tmes — 5Con R, (6)

Simplifying equation (6)

1 sCys  SCgq  sCgd sCap .,
Vout (RdR + Rd + Rd RS + S CgSng + S ng + R + S Cgstb + S Cdb d) - (ngS - Sng)SVouthd
— Vm (gmcsR d) (7)
N

Solving equation (7) for the voltage gain of the amplifier
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Vout
A, = 8
=y ®
A = Vout _ (gmcs - Sng)Rd (9)
Y Vin (14 sRyCys + 5(Cya + RaGmesCya)Rs + 5(Cya + Cap)Ra + s*Ry4Rsa)
Whel’e a = (Cgscgd + CgSCdb + ngCdb),
sCog— g R
, ( gd mcs) d (10)

(1 +SRsCys +5(Cyaq + RaGmesCga)Rs + 5(Cga + Cap)Ry + s2R4Rsa)
Neglecting the transistor capacitances, the voltage gain is given by the equation below

Ay = —GmesRa (11)
When the amplifier is designed with a resistive load R;, then equations (10) and (11) can be modified as below

_ (Sng - gmcs)Rl
(1 4 sRsCys + s(Cyq + RiGmesCga)Rs + s(Cya + Cap )R, + S2R,Rs)

(12)

v

Ay = —GmesRy (13)

where,

R, and R, are the source and drain (load) resistance respectively.

Cys: Cga» Cqp are the gate to source, gate to drain and drain to body capacitances respectively.
Imes 1S the transconductance of the common source transistor.

The active feedback network is shown below

Vin Vout
—O

Mr pr—

& |

Fig. 3(a). Traditional active-feedback Fig. 3(b). AC equivalent circuit
3.1.2 Input Impedance matching

The input impedance of the amplifier is designed with active shunt feedback. It can be proven out from the equivalent circuit of
figure 3(b) (reactive components excluded for simplicity) above that the input impedance is obtained as follows;

Vout = laR; = —GmesVinRi = GmesRiVin (14)
But —gmesR = 4,
From equation (8),
Vout = AyVin (15)
Considering the feedback network,
Idf = gmf(Vout —Vin) (16)

Idf = gmf(_gmcsRlVin = Vin)
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Idf = _gmf(gmcsRl + 1)Vin 17)

But [in = _Idf
lip = _Idf = _gmf(gmcsRl + DV

lip = gmf(gmcsRl + 1V,

Zin = Vin _ ! = ! (18)
" [in gmf(gmcsRl + 1) gmf(gmcsRl + 1)

1
G+ 14,

Equation (13) shows that the gain is determined by the common source stage of the amplifier while equation (19) shows that the
input impedance is dominated by the feedback transistor. Hence, for good matching, the transconductance of the feedback transistor
should be kept constant and Rs = Z;,. The complete proposed LNA circuit is shown in fig. 3 which is simulated in LTSpice XVII
model. The capacitors C; through C, are all DC blocking capacitors, C; and R, formed the resonant tank used to improve the linearity
of the active-feedback LNA.

Zin (19)

3.1.3. Noise Analysis

The noise factor of the amplifier is essential as it determine the dominating factor in the noise of the amplifier. In this analysis we
assume the cascode amplifier has no noise contribution at the out. Also, we assume the linear current source used is noiseless. The noise
factor F of the LNA is given by the individual noise contributions of the M1, M3, R1, RS. A theorical expression for the noise figure
of a single-ended version of our design is derived from (Razavi 2001), reactive component excluded.

F= (20)
Vn,RS
Hence, the noise factor is given by,
F = Fpg + Epes + Epp + Fpy (21)
F=1+%[Ris—gmf].2+%+ﬁ[%+gmf]z (22)
For impedance matching, the source impedance must match the input impedance
Zin =Rs = : = : (23)
mf (L + GmesR1)  Gmp(1 = 4Ay)
Making g,,s the subject
1
Imf = R(1—4) (24)

Imposing the matching criterion of equation (23) on equation (22) and substituting equation (24) into (22) for g,

1

1 1 R R 1
F=1+ VmesRs [_ ]2 + Vs + s [_+ ]2
Imes Rs Rs(l - Av) Rs(l - Av) gmcsAv Rs Rs(1 - Av)
VYmes 2 — Av Yr 1 2—-A4,
F=1+ [ 1? + + [ 12 (20)
gmcsRs 1-Av (1 - Av) gmcsAvRs 1- Av

Where ¥, ¥y, are the thermal noise coefficient of M., and M respectively, it can be seen that a larger g,,.s will lead to a low noise
factor. However, this will involve taking a larger overdrive voltage (Vs - V;;,) leading to higher power dissipation which is not
desired.
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Fig. 4. complete schematic of the proposed LNA.

4.0 RESULT AND DISCUSSION
4.1 Simulation Result for a single stage Common source amplifier
The simulated result for a single stage common source amplifier is shown below.

Simulation using L TSpice Simulator and MATLAB

10Hz

100Hz 1KHz 10KHz 100KHz

Fig. 5. Voltage transfer function of the single stage amplifier

1MHz
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10MHz

We generated a MATLAB code of the transfer function for equation 12 and ran it to generate the bode plot for the voltage gain.

The result obtained is shown below in figure 6.

JETIR2102102

| Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

| 874


http://www.jetir.org/

© 2021 JETIR February 2021, Volume 8, Issue 2 www.jetir.org (ISSN-2349-5162)

Bode Diagram

50 T T T
||
— System: A
£ n | | Frequency (radis): 1.23e+05 ]
= - Magnitude (dB): 38
=
=
= N
= A+ -
=
100 L ! L
180 T T T
@&  90f i
=,
[:k]
w
= )
= U ]
o
-90 & 1 1 1

1|:|E 1|:|: 1|:|-: 10
Freguency (rad/s)

Fig. 6. MATLAB simulated result for the Common source amplifier.

From figures 5 and 6, the voltage gain for the LTSpice simulator and MATLAB code are 37.9965dB and 38dB respectively. This
imply that both simulators are in close agreement and thus validate the design and performance of the LTSpice simulator. From the
LTSPice simulator, the passband is 2.7288MHz with a power gain of 24.03dB.

4.2 Simulated result of the active-feedback LNA.

To extend the passhand, active feedback topology with inductive peaking technique for bandwidth enhancement, noise
improvement and circuit stability was adopted, the simulated result is given below.

10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz

Fig. 7. Frequency response of active-feedback LNA

From figure 7 above, it is seen that with the application of active feedbck, the passband is 20.414MHz with a power gain of
16.86dB. Though, there is a drop in the power gain, bandwidth extention extension has fully compensated for the power loss. The
downside of this topology is the nonlinear response of the gain as can be seen from the passband above and additional power dissipation.
This nonlinearity is as a result of interaction between the gate-to-drain capacitor (Cgd) of the common source amplifier and the gate-to-
source capacitor (Cgs) of the feedback transistor producing an equivalent capacitance sufficient to to cause oscillation within the
passband of interest. To mitigate this problem of nonlineaity, we adopted the use of a resonant tank placed in the feedback path. This
tank ground the noise before reaching the feedback device.
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4.3 Simulated result of the active-feedback LNA with linearization.

100Hz 10KHz 100KHz 1MHz 10MHz
Fig. 8. Simulated result of Voltage gain for the active-feedback with linearization\

Figure 8 above shows that the application of the linearization technique yielded significant result. In this approach, the resonant
tank grounds the noise thus, preventing it from reaching the feedback device and hence stopping further amplification of the noise
leading to the nonlinearity seen in the passband of figure 7. The achieved bandwidth with this linearization technique is 16.8655MHz
with a power gain of 13.13dB. Other parameters that defines the success of the design of an LNA are compared for the active-feedback
LNA without and with linearization

4.4 Scattering Parameters

The S-Parameter describe the response of an n-port network to signal incidented to any or all of it ports. The first number in the
subscript refers to the responding port while the second number is the incident port. Its simulation shows the electrical behaviour of an
electrical circuit. Figures (9 and 10) shows the simualated result of the scattering parameters for the active-feedback LNAs without and
with linearization technique. The input return losses (S11) simulated result for the LNAs without and with linearization shows that both
topology have good input matching since S11 <-10dB for both LNAs. Also, for the output return losses for the LNAs without and with
linearization, the result indicate good output matching for the topology without linearization (S2. < -10dB), while for the active-feedback
LNA shows that the output matching not so good as Sz; > -10dB. The reverse isolation (Si2) simulated result shows a good reverse
isolation for the LNAs. The LNAs without linearization and with linearization achieved Si» is better than -20dB and -28dB respectively
within the passband. These shows that the output matching of the active-feedback LNA was traded for reverse isolation. The simulated
power gain (Sz1) result for both LNASs indicates that both achieved a good power gain with both Sz; > 10dB.

511(v2)

10KHz 100KHz 1MHz 10MHz

Fig. 9. Simulated result of the S-Parameter for Active-feedback LNA without linearization
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100Hz 10KHz 100KHz TMHz 10MHz

Fig. 10. Simulated result of the S-Parameter for Active-feedback LNA with linearization
4.5 Power dissipation

The power dissipation of an LNA is very critical to designers. It is essential that power dissipation of the transistors be minimized
during design such that it does not reach it maximum power dissipation. Figures (11 and 12) shows the simulated result of the power
dissipation for both LNAs without and with linearization technique. It can be seen that with this new design approach power dissipation
is very much minimized. The additional power dissipation is 0.035mW. This a better improvement to other reported techniques.

V(VDD,N004)*|d(M3}+V(NOD1,N004) Ig{M3)

70.2mW
69.6mWW
69.0mW
68 4mVV Interval Start: 0s
67.8mWW
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66.6mWV
56.0mW ) Integral: 337350
65.4mW— |
64.8mW- /
64.2m\W

0.0ms 0.5ms 1.0ms 1.5ms 3.5ms 4.0ms 4.5ms 5.0m

Interval End: Sms

Average: 67 477mW

T0.2m\W
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67.8m\V
67.2m\W
66.6mVV |
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Irterval End: | 5ms
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64.8mwW-/
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0.0ms 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0m

Fig. 12. Power dissipation of Active-Feedback LNA with Linearization
4.6 Noise

Since LNAs are designed to amplify weak signals without adding much noise to the signal to enable data retrieval, the noise
performance of the LNA is very critical to the success of the design. Figures (13 and 14) shows the simulated result of the output noise
for the LNAs without and with linearization technique. Comparing the result, it is clear that this technique does not only improve the
nonlinearity within the passband but also reduces the noise generated. Thus, with this technique, there is improvement in the nonlinear
response of the amplifier and the noise.
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Fig. 14. Output noise of the Active-feedback LNA with linearization

In conclusion, we found that the addition of resonant tank along the feedback path mitigates the nonlinearity introduced by the
source follower in the active feedback low noise amplifier. This result is because of the reduced circuit component and less noise. With
this approach, there is reduction in cost, chip size, power consumption. At the end of this study, a linear active feedback low noise
amplifier employing the resonant tank technique for linearization was achieved. This will provide better signal reception using the
wideband. Also, this technique can be used in the design of wideband LNA to achieve bandwidth in GHz in submicron CMOQOS

technologies.
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